Abstract
through the filter for 5 min, and then allowed to concentrate to 150 mL (Hill et al., 2007) . This elution 150 solution was added to the concentrated sample to achieve a final volume of approximately 300-350 151 mL. Secondary concentration of A. caninum ova from the HFUF concentrated samples was performed 152 by centrifugation at 5,200 g for 15 min. After the centrifugation, the supernatant was discarded and 153 the pellet was stored at -20ºC for DNA extraction. 154
Method C began with filtering a sample through series of sieves (800-38 µm pore size) (Rowe 155 scientific Pty Ltd, Australia) with the help of a stream of tap water. Particles including ova retained in 156 the smallest pore sized sieve (38 µm) were collected in a 50 mL polycarbonate tube and centrifuged at 157 5,200 g for 15 min to obtain a pellet. The pellet was then stored at -20ºC until DNA was extracted. 158
Method D began with centrifuging treated and raw wastewater samples (1 L) to achieve a pellet. 159
The pellet was then transferred into a 50 mL polycarbonate tube and approximately 40-45 mL 160 flotation solution (MgSO 4 ) was added. The pellet was mixed with the flotation solution by vortexing. 161
The mixture was centrifuge for 3 min at 800 g and the materials present in the top 10 mL were 162 M A N U S C R I P T
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7 transferred into a 15 mL polycarbonate tube. Water was added to make up the volume to 15 mL and 163 further centrifuged at 800 g for 10 min to obtain a pellet. 164
Ova recovery from sludge 165
Ova from sludge samples were concentrated using Methods E and F. Method E began with 166 centrifugation of ova spiked sludge (~ 4 gm dry weight) samples at 800 g for 10 min. The supernatant 167 was discarded, and 40-45 mL flotation solution was added in each samples. The mixture was then 168 centrifuged for 3 min at 800 g and floated materials were transferred into 15 mL polycarbonate tube. 169
Water was added to make up the volume to 15 mL and further centrifuged at 800 g for 10 min to 170 obtain a pellet. For Method F, direct DNA extraction was performed from ova spiked sludge samples 171 (~ 4 gm dry weight) using a MO Bio Power Max® Soil DNA Extraction Kit as described below. 172
DNA extraction 173
DNA was extracted from each pellet obtained through all Methods (A, B, C and D) using the MO Bio 174
Power Max® Soil DNA Extraction Kit with minor modification. In brief, pellets were mixed with 175 lysis buffer C1 and freeze-thawed for 10 min (repeated 5 times). Extracted DNA samples were eluted 176 through the spin filter membranes by adding 2 mL solution C6 and stored at -80ºC until processed. 177 DNA was extracted from each pellet using a MO Bio Power Max® Soil DNA Extraction Kit with 178 minor modification. 179
PCR inhibition 180
Previously published assay (Sketa22) was used to determine the presence of PCR inhibitors in the 181 extracted DNA samples from treated wastewater, raw wastewater and sludge samples (Ahmed et al., 182 2015) . 
Recovery rate determination 207
The recovery rate of hookworm ova in the wastewater and sludge samples by the different 208 concentration methods was calculated as follows: 209
Recovery rate (%) = (Quantified gene copies/spiked gene copies) 100. 210
Quality control 211
To minimize qPCR contamination, DNA extraction and qPCR set up were performed in separate 212 laboratories. A method blank was included for each batch of treated wastewater, raw wastewater, and 213 sludge samples. A reagent blank was also included during DNA extraction to account for any 214 contamination during extraction. For each qPCR experiment, standards (also served as a positive 215 control) and triplicate negative controls (UltraPure TM water) were included. 216 217 M A N U S C R I P T
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Statistical analysis 219
GraphPad Prism 6 (GraphPad Software, CA, USA) was used to conduct the statistical analysis. A 220 one-way ANOVA was performed to determine the differences between the C T values obtained for O. 221 keta DNA suspended in UltraPure TM water and O. keta seeded DNA samples extracted from 222 wastewater matrices. ANOVA was also used to assess whether the concentration of A. caninum gene 223 copies obtained through Methods (A-D) for treated and raw wastewater samples were statistically 224 different within and between WWTPs. A paired T-test was used to assess the significant difference 225 between Methods (E and F) for sludge samples within and between WWTPs. Statistical significance 226 was determined at α = 0.05. 227 38.4 (Fig 2) . LLOQ of qPCR assays were determined using the standards. The qPCR LLOQ was 30 234 gene copies for all triplicate samples. The intra-assay and inter-assay Coefficient of Variation (CV) of 235 the standards were also determined. These values were less than 1% and 3% respectively, indicating 236 high reproducibility of the qPCR assay. 237
Results
PCR inhibition 238
Sketa22 assay was used to determine the presence of PCR inhibitors in the extracted DNA samples. 239
The mean C T value and standard deviation for the Oncorhynchus keta seeded UltraPure TM water was 240 28.5 ± 0.2. The C T values for O. keta seeded treated and raw wastewater DNA samples from WWTP-241 1 processed through all methods (A-D) were similar to O. keta seeded UltraPure TM water, indicating 242 the DNA samples were free of PCR inhibitors (Table 1) . However, PCR inhibition was observed in 243 DNA samples extracted from treated wastewater (WWTP-2) processed through Methods A and B. 244
Raw wastewater DNA samples from WWTP-2 processed through Methods A and C also had PCR 245 M A N U S C R I P T
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inhibitors. Sludge DNA samples (WWTP-1) processed through Method E had no PCR inhibitors. In 246 contrast, sludge DNA samples from WWTP-2 processed through Method E had PCR inhibitors. None 247 of the sludge DNA samples (both WWTPs) processed using Method F showed PCR amplification. 248
Samples that showed the sign of PCR inhibitors were then serially diluted (10-fold) to relieve PCR 249 inhibitors, and re-analysed by seeding O. keta DNA. The mean C T values and standard deviations of 250 O. keta for the 10-fold diluted treated wastewater, raw wastewater and sludge samples indicated the 251 removal of PCR inhibition ( 
Recovery rate of A. caninum from wastewater matrices 256
To obtain the recovery rates for each method, 400 ± 40 ova (corresponds to 3.3 10 7 ± 8.5 10 6 gene 257 copies as determined by the qPCR) were seeded into each wastewater and sludge samples. 
260
(Method D) for wastewater sample collected from WWTP-1 (Fig. 3a) . Similar results were also 261 obtained for WWTP-2. However, the mean concentration of gene copies (3.5 10
3 ) recovered through 262
Method D was 2-3 orders of magnitude lower than the other Methods (A-C). Furthermore, this 263 difference was significant (P < 0.05). 264
For raw wastewater samples, the mean concentration of A. caninum gene copies recovered using 265
Method C was the highest (3.8 10 5 ) followed by Method D (2.3 10 5 ) for WWTP-1 (Fig. 3b) . 
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For the sludge samples collected from WWTP-1, Methods E (7.8 10 2 ) and F (2.7 10 3 ) yielded 273 similar concentrations of gene copies (Fig. 3c) , that were not significantly (P > 0.05) different. Sludge 274 samples collected from WWTP-2 also yielded similar concentrations of gene copies for Method E 275 (1.2 10 5 ) and F (1.5 10 5 ), and the difference was not statistically significant (P > 0.05). Both 276
Methods were able to recover ~ 2 orders of magnitude higher gene copies from WWTP-2 samples 277 compared to WWTP-1 samples (P < 0.05). 278
For treated wastewater, Method D outperformed all other methods except Method C, yielding a 279 recovery rate of 40 ± 57% for WWTP-1 (Table 2) . Interestingly, for WWTP-2, Method C performed 280 better than the others, yielding a recovery rate of 50 ± 39%. For raw wastewater, Method C (12 ± 281 10%) and D (7.1 ± 2.0%) had much better recovery rate than Methods A (0.3 ± 0.2%) and B (0.3 ± 282 0.4%) for WWTP-1. For WWTP-2, the recovery rate of Method B outperformed all other methods. 283
For sludge samples, the recovery rates of hookworm ova were poor compared to treated and raw 284 wastewater samples. For both WWTPs Method F yielded 1-2 orders of magnitude higher (3.7 ± 9.0%, 285 WWTP-1; 4.7 ± 6.2%, WWTP-2) recovery rate than Method E (0.02 ±0.03%, WWTP-1; 0.10 286 Method C (filtration) used in this study is based on retaining hookworm ova on a filter through a 314 series of sieves. This method is simple, involves only few steps, and because of that, has the potential 315 to recover higher concentrations of ova from wastewater samples. Our results indicated that the 316 recovery rate of Method C was as high as 50% for treated wastewater and 12% for raw wastewater 317 samples. This is comparable to a 26% recovery rate of Ascaris from treated wastewater reported by 318 wastewater collected from WWTP-1 was high, although the result was not consistent for both 330
±0.15%, WWTP-2). 287
Discussion
WWTPs. Treated wastewater samples from the WWTP-2 contained large amount of blue green algae, 331 which may have affected the recovery rate. However, more studies would be required to determining 332 the effect of blue green algae on ova recovery rate possibly from large number of samples from 333 different ponding facilities. 334
The flotation method (Method E) has also been used to recover hookworm ova from sludge 335 samples. The result of this study indicated that the recovery rates of this method were very poor (0.02- It has been reported that direct DNA extraction from water samples may yield better recovery of 343 viruses as it bypasses the concentration procedure (Ahmed et al., 2015) . In view of this, we used 344 Method F, which involved direct DNA extraction from sludge samples. Method F was indeed able to 345 recover higher numbers of ova from sludge samples than Method E. However, the DNA samples 346 obtained through this method had PCR inhibitors present, despite the DNA extraction kit used in this 347 study being equipped with inhibitor removal technology. PCR inhibitors are known to be matrix 348 20   550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575  576  577 21   579  580  581  582  583  584  585  586  587  588  589  590  591  592  593  594  595  596  597  598  599  600  601  602  603  604  605  606  607  608  609  610  611  612  613  614  615  616  617  618  619 
